The objective of this work was to estimate the antioxidant capacity of some fruits extracts containing anthocyanins (strawberry, raspberry, elderberry, mulberry, blackberry, bilberry, black and red currant) using an electrochemical technique and three classical chemical methods based on reaction between antioxidants and a chromogen compound. evaluation of antioxidant activities of extracts was performed by using FRAP (ferric reducing/antioxidant capacity), ABTS (2,2'-azinobis[3-ethylbenzothiazoline-6-sulphonate]) and DPPH (2,2-diphenyl-1-picrylhydrazyl) assays. Antioxidant activities of the extracts were correlated with their content of monomeric anthocyanins and total phenolics. Good correlations were obtained especially between antioxidant activities and total phenolics content. Cyclic voltammetry was used for the evaluation of overall reducing capacity of the extracts using a glassy carbon electrode. Reducing capacity of selected fruits extracts was assessed based on the half-peak potential (E1/2) of the first oxidation peak. The oxidation potentials characterized by E1/2 value were not correlated with the antioxidant activities evaluated by the classical methods.
INTRODUCTION
nthocyanins are water-soluble pigments that belong to the flavonoids group and are responsible for the red-bluish coloration from the vegetal world. [1] Anthocyanins are encountered as individuals or mixture of six most common anthocyanidins (cyanidin, delphinidin, pelargonidin, peonidin, petunidin, malvidin) substituted usually in 3 or 3,5 position of A and C rings with different sugars such as glucose, galactose, rhamnose, arabinose or xylose. Acylation of sugar groups with various aliphatic and aromatic acids contribute to the wide variety of anthocyanin compounds found in nature. The most widespread anthocyanin is cyanidin-3-glucoside. [2, 3] There is a continuous interest regarding the use of anthocyanins in both food and nutraceutical industry. Besides their use as natural pigments in food industry, they also could have applications in medicine, in treatment of diabetes, [4, 5] eyesight disorders [5] or coronary diseases. [6] [7] [8] These properties are mostly due to their antioxidative action as free radical scavengers, but mechanisms like metal chelation and protein binding also play an important role. [9] Anthocyanins are part of the human diet by consumption of fruits and vegetables both fresh and processed form. There are many methods that are used for the analysis and characterization of anthocyanins. For quantitative information regarding the anthocyanins content in crude extracts containing other phenolic compounds, the spectroscopy is the main technique used due to its simplicity and low cost. [10] Identification of individual anthocyanins is quite complicated due to the variability in the patterns of these pigments as function of plant species and also due to the lack of standards for many of them. The most used technique for separation, identification and quantification of anthocyanins is high performance liquid chromatography (HPLC) coupled with UV-Vis, photodiode array (PDA) or mass spectrometry (MS) detectors. [11] [12] [13] [14] Small berry fruits like chokeberry, elderberries, blackcurrants, bilberry, etc.
are very rich sources of anthocyanins and other phenolic compounds like flavonols, hydroxycinnamic acids, ellagitannins, procyanidins. [15] [16] [17] As a consequence, their antioxidant capacity will depend on the synergic and redox interactions among these constituents and with other compounds that are present in the food. [18] There is no universal method to be used for the evaluation of the antioxidant capacity. According to Huang et al. , [19] the antioxidant activity of a compound (or extracts, various solutions) strictly refers to some characteristic reaction conditions and, consequently, will reflect the chemical reactivity in that specific assay.
It is well known that the antioxidant properties of the anthocyanins are due to the scavenging of free radicals by means of their hydroxyl groups. There are two main mechanisms that describe the antioxidant properties of the phenolic compounds, namely HAT -hydrogen atom transfer and SET -single electron transfer. [20] As a function of the involved mechanism, the methods for determining the antioxidant capacity can be classified as methods based on HAT mechanism (ORAC, TRAP) or methods based on SET mechanism (FRAP, DPPH, ABTS (TEAC)); the main difference is that former evaluates the hydrogen atom transfer reaction, while the latter quantify the reducing activity of an antioxidant. [19] Specific for the SET-based assays is the use of an oxidant (e.g. FRAP, ABTS, DPPH reagent) that withdraws an electron from the considered antioxidant and determines a colorimetric change of the reaction mixture. [19] Taking into account that the radicals scavenge is an electron-transfer reaction, electrochemical methods may be used in order to evaluate the antioxidant behavior of the anthocyanins. Unlike these chemical methods that use a large number of oxidizing agents for determining the antioxidant character, the electrochemical oxidation has the advantage of previous established working conditions (e.g. a certain potential at which the oxidation reaction will occur). [21] It is also well-known that the oxidation potential is inversely related to the electrochemical potential (higher antioxidant activity corresponds to lower potentials). [21] [22] [23] Among the electrochemical techniques, cyclic voltammetry is the most used for evaluation of the overall reducing capacity of phenolics from various plant samples [24] [25] [26] or wines. [27, 28] However, this technique is not widely used compared to conventional methods such as DPPH, ABTS, etc.
In a previous study, we characterized anthocyanins in four indigenous wild berries which are important sources of anthocyanins in the diet. This work extended the range of studied fruits with several Romanian species of both wild and cultivated fruits (strawberry, raspberry, elderberry, mulberry, blackberry, bilberry, black and red currant) and started their investigation by developing new HPLC methods more suitable for anthocyanins separation. Also, the most important objective of this study was the in vitro evaluation of antioxidant capacities of the selected fruits and the correlation of antioxidant capacities with the content of monomeric anthocyanins and total phenolics. Because of the differences between reaction mechanisms of different assays, a single assay will not reflect all the antioxidants presents in a vegetal sample, therefore four methods were used for appreciation of antioxidant activities: an electrochemical one, cyclic voltammetry, a simple and rapid electrochemical technique for assessing the overall reducing capacity of natural antioxidants expressed as TERP (total electrochemical reducing power) and three SETbased chemical assays, namely FRAP, DPPH and ABTS. Finally, real correlation between total electrochemical reducing power and antioxidant activities assessed by conventional methods was established.
EXPERIMENTAL

Reagents and Materials
Cyandin-3-glucoside, cyandin-3-rutinoside, malvidin-3-glucoside, malvidin-3-galactoside, pelargonidin-3-glucoside, delphinidin, cyanidin and malvidin chlorides, trifluoroacetic acid, methanol (HPLC grade), Folin-Ciocalteu reagent, 1,1-diphenyl-dipicrylhydrazyl (DPPH), gallic acid and 6-hidroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid 97 % (Trolox) were purchased from Sigma-Aldrich, Germany. Iron (III) chloride, 2,4,6-tris(2-pyridyl-1,3,5-triazine (TPTZ) and 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) were purchased from Sigma, Germany. Hydrochloric acid was obtained from Merck, Germany. Ultrapure water for chromatographic analysis was produced by an EASYpure® RoDi Barnstead system (USA) for laboratory water purification.
Eight species of berries from different botanical families, native to Romania were selected for this study. Four wild berries i.e. elderberry (Sambucus nigra L.), black mulberry (Morus nigra L.), blackberry (Rubus fruticosus L.) and bilberry (Vaccinium myrtillus L.) were harvested from wild and unpolluted areas of south western Romania (45°22'02"N and 22°21'07"E and 420 m altitude) at the maturity stage. Strawberry (Fragaria × ananassa), raspberry (Rubus idaeus L.), black currant (Ribes nigrum L.) and red currant (Ribes rubrum L.) were purchased from local farms (45°39'06"N and 21°10'01"E and 80-90 m altitude, no pesticides as contaminants). All fruits were collected in 2011 in the summer months (June-August).
Sample Preparation
An ultrasound assisted extraction procedure was used in this work. 25 g fresh fruits were crushed, weighed and extracted with 0.1 % hydrochloric acid in methanol at solid to solvent ratio 1 : 4 (w / v) for 1 h at 25 ± 2 °C and 59 kHz using an ultrasonic bath (LBS 2, FALC Instruments, Italy). The extracts were filtered through a Whatman no. 1 filter paper, and then the solvent was removed in a rotary evaporator (Laborota 4000 Efficient, Heidolph, Germany) under vacuum at 35-40 °C until a volume of 14-15 mL. For an accurate comparative analysis of the extracts, they were brought to the same volume with methanol (20 mL). Before each type of determination, the samples were centrifuged at 2000×g for 20 min using a mini centrifuge Labnet C1301 (Labnet International, Korea).
Determination of Total Anthocyanin Content (TAC)
Total monomeric anthocyanins content (TAC) was quantified using a pH differential method described by Giusti & Wrolstad. [29] The samples were appropriately diluted in potassium chloride buffer (pH 1.0) and sodium acetate buffer (pH 4.5) and then the absorbance was measured simultaneously at λVis-max (500-520 nm) and 700 nm using a Jasco V 530 UV-Vis spectrophotometer. Each sample was analyzed in triplicate. The total monomeric anthocyanins content was expressed as cyanidin-3-glucoside equivalents (MW = 449.2 and ε = 26900) in mg of anthocyanin / liter of fruit extract.
Determination of Total Phenolic Content (TPC)
The total phenolics content (TPC) of the extracts was determined by using the Folin-Ciocalteu method [30] and gallic acid as standard. After incubation for 2 hours at room temperature, the absorbance at 765 nm was determined using a Jasco V 530 UV-Vis spectrophotometer. The calibration curve of gallic acid was obtained using 10 standard solutions in the range 50-550 mg L -1 . Total phenolics content of the extracts were expressed as mg gallic acid equivalents per liter of fruit extract (mg GAE L -1 ). All samples were analyzed in triplicate.
Anthocyanins Identification
A chromatographic system Dionex Ultimate 3000 apparatus (Dionex Corporation, USA) equipped with a LPG 3400A quaternary pump, PDA 3000 photodiode array detector, a 20 μL injection loop and a 4.6 × 150 mm, 5 μm C-18 Acclaim® 120 Silica-Based reversed-phase column (Dionex Corporation) was used for anthocyanins detection. Chromatograms were recorded and processed with Chromeleon 6.8 Software. The column was maintained at 40 C using a thermostated column compartment Dionex TCC-3000. For HPLC analysis of anthocyanins fruit extracts were diluted in 0.5 % trifluoroacetic acid (TFA) and filtered through a 0.45 m PTFE syringe filter prior to injection.
Anthocyanins detection was carried out at 520 nm. The chromatographic separations were carried out at in isocratic conditions using as mobile phase aqueous solution of 30 % MeOH containing 0.5 % TFA at a constant flow rate of 1.0 mL min -1 ., except for elderberry and bilberry extracts. For elderberry extract, was used the same mobile phase in isocratic condition, but at a flow rate of 0.5 mL min -1 . For analysis of bilberry extract, the same method as in [31] was used: isocratic conditions for 30 minutes with 100 % solvent A (aqueous solution of 20 % MeOH containing 0.5 % TFA), linear gradient conditions from 100 % A to 90 % A in the next 30 minutes and then isocratic conditions with 90 % A and 10 % B (MeOH) until the end of analysis at a constant flow rate of 1.5 mL min -1 .
Due to the lack of many anthocyanin standards, additional structural data were obtained through mass spectrometry analysis. Prior to MS analysis, the berries extracts were 50-fold diluted with 0.5 % TFA acidified methanol and then vortexed (3 min) and centrifuged (20 min, 2000×g ) at room temperature. Mass spectra were recorded on a high capacity ion trap instrument (HCT MS) from Bruker Daltonics (Germany), in laboratory coupled with the NanoMate robot for automatic infusion of samples by chipelectrospray (NanoMate TM ) from Advion Biosciences (UK). HCT MS instrument was controlled through the Esquire Control 6.1.512 software and ChipSoft 7.1.1 software was used for the NanoMate robot. Experimental data were processed with Data Analysis 3.4.179 software. Mass spectra were recorded in the positive ion mode within (50-2800) m / z range, with a scan speed of 8000 m / z per second. The ESI process was initiated by applying +1.4 kV on the conductive pipette tip of the NanoMate and -50 V on the HCT counterelectrode. Nitrogen with a flow rate of 0.5 L min -1 was used for desolvation and as a nebulizer gas at 50 psi. To enhance the desolvation of the generated ESI droplets, the source block temperature was maintained at 100 °C. The robot was programmed to aspirate 7 μL of the sample, followed by 2 µL of air into the pipette tip and then inject the sample onto the inlet side of the 400 microchip (each chip nozzle had an internal diameter of 2.5 μm). A new pipette tip and a new nozzle were used for each sample, thus preventing any cross-contamination or carry-over. Tandem mass spectrometry was carried out by collision-induced dissociation (CID) using helium as collision gas with the amplitude of 0.2-0.25 V. The precursor ions for MS/MS sequencing were selected within an isolation width of 2u.
Antioxidant Activity CYCLIC VOLTAMMETRY
Electrochemical experiments were carried out with a Voltalab 80 PGZ 402 apparatus from Radiometer Copenhagen, equipped with VoltaMaster 4 software, version 7.0.8, using a three-electrode electrochemical cell equipped with working electrode, platinum wire auxiliary electrode and Ag/AgCl/sat. KCl reference electrode. A glassy carbon electrode was used as working electrode. Cyclic voltammograms were recorded at room temperature. Prior to each run, the electrode surface was cleaned by polishing with alumina powder and ultrasonicated 10 minutes in HCl 5 %. In order to minimize the adsorption of the compounds and their oxidation products onto the electrode surface, the voltammograms were recorded immediately after the immersing of the working electrode in the solution. NaClO4 0.1M in methanol (pH 3) was used as supporting electrolyte. 200 μL of each fruits extracts was diluted in 20 mL background electrolyte for electrochemical tests. A calibration curve was made using standard solutions in the range 0.05-1.0 mmol L -1 Trolox. Taking into account the dilution factor, the area under the anodic curve for all extracts was expressed in terms of mmol Trolox equivalents per liter of fruit extract (mmol L -1 Trolox eq.). The areas under curves were automatically calculated by the instrument. All cyclic voltammograms were recorded in duplicate.
DPPH ASSAY
The free radical scavenging activity of the extracts was performed by using the 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay according to the procedure described by BrandWilliams et al. [32] with some modifications. For this assay, the bilberry and elderberry extracts were forty times diluted and the rest of extracts were twenty times diluted in methanol. Antioxidant solution in methanol (0.1 mL) was added to 2.9 mL solution of approximately 0.09 mM DPPH in methanol. The inhibition of DPPH was followed by monitoring the decrease of absorbance at 515 nm during 2 hours. Trolox was used as antioxidant reference compound. The calibration curve was obtained using standard solutions in the range 0.2-1.0 mmol L -1 Trolox. Each sample was analyzed in triplicate.
FRAP ASSAY
The fresh FRAP solution was prepared by mixing 300 mmol L -1 sodium acetate buffer pH 3.6 with 10 mmol L -1 TPTZ (2,4,6-tripyridyl-triazine) in 40 mmol L -1 HCl and 20 mmol L -1 FeCl3·6H2O in double-distilled (dd) water in vol. 10 : 1 : 1 ratio. [33] The resulting solution was diluted with 2 volumes of dd water and was incubated at 37 °C for 30 minutes. 2.9 mL of working FRAP solution were mixed with 100 µL of extract and was kept in dark for 2 hours, at room temperature. An intense blue colour is formed when the ferric-tripyridyl-triazine complex is reduced to ferrous form. The absorbance of the samples and a blank was measured at 593 nm against dd water using a Jasco V 530 UV-Vis spectrophotometer. The antioxidant reference compound used was Trolox. Each sample was analyzed in triplicate.
ABTS ASSAY
ABTS [2,2'-azinobis-(3-ethyl-benzothiazoline-6-sulfonic acid)] radical cation was generated through the reaction between ABTS (7 mmol L -1 in 20 mmol L -1 sodium acetate buffer, pH 4.5) and potassium persulfate (2.45 mmol L -1 in same solution). [34] The dark blue-green stable radical solution resulted is incubated 16-18 h, at room temperature, in the dark. The solution was then diluted to an absorbance 1.0 ± 0.02 at 734 nm. The reaction between mixture of 100 µL sample and 2.9 mL ABTS reactive was followed at 734 during 2 hours against dd water. The antioxidant reference compound used was Trolox. Each sample was analyzed in triplicate.
Statistical Analysis
Statistical analysis was performed using OriginPro 8 software. Data regarding monomeric anthocyanin content, total phenolics content and antioxidant activity of the studied fruits extracts were expressed as the mean ± standard deviation (SD). The results were processed by using oneway analysis of variance (ANOVA) followed by the Tukey's test. Differences at p < 0.05 were considered statistically significant. Linear regression analysis was carried out by Matlab Version 7.6.0.324 (R2008a).
RESULTS AND DISCUSSIONS
All fruit extracts were analyzed by HPLC-DAD and MS in order to identify the main anthocyanins that can contribute to the antioxidant activity of fruits selected for this study. The chromatographic profiles of anthocyanins from eight different crude berries extracts are shown in Figure 1 . Several anthocyanins were identified by comparison of their retention times with those of available standards. The other individual anthocyanins, with some exceptions, were tentatively identified in accordance with the elution order of anthocyanins in a reversed phase chromatographic system [12] and previous identification studies and were confirmed by MS analysis (Table 1) . A large diversity in anthocyanins composition and proportion of individual anthocyanins was found.
The major anthocyanin in strawberry extract was pelargonidin-3-glucoside ([M] + at m / z 433; peak 4; 77 % of total anthocyanins) followed by pelargonidin-3-rutinoside ([M] + at m / z 579; peak 5; 13 %). These results are in agreement with those previously reported by others authors. [35] [36] [37] In raspberry extract, the main anthocyanins found were cyanidin-3-sophoroside (peak 1; 61.5 %, [M] + at m / z 611), cyanidin-3-glucoside (peak 3; 23 %) and cyanidin-3-rutinoside (peak 4; 13 %). The presence of these compounds in raspberry extract was also reported by de Ancos et al., [38] Mullen et al., [39] Chen et al. [40] Six anthocyanins were detected in elderberry extract, the most important components were (a) % of total anthocyanins was estimated based on % of peak area related to total area of detected anthocyanin peaks.
cyanidin-3-sambubioside (peak 4, 54 %, [M] + at m / z 581) and cyanidin-3-glucoside (peak 5, 31.5 %). Similar results have been reported by Veberic et al. [41] In black mulberry extract only three components: cyanidin-3-glucoside (peak 1; 78 %), cyanidin-3-rutinoside (peak 2; 20 %) and pelargonidin-3-glucoside (peak 3; 1.5 %) were detected as in our previous study. [31] These results were confirmed by MS analysis and data presented by other authors. [42, 43] Blackberry extract contains large amount of cyanidin-3-glucoside (peak 2; 91 %), which is also confirmed by other studies. [31, 35, 44, 45] The bilberry extract showed a large diversity of anthocyanins and some anthocyanidins as also reported by many authors. [46] [47] [48] Eighteen compounds were detected at 520 nm in Romanian wild bilberry with some small differences in composition compared to our previous study. [31] It was found high content of delphinidin-3-glucoside (peak 2; 14 %), delphinidin-3-galactoside (peak 1; 12 %) and cyanidin-3-glucoside (peak 5; 12 %). The main anthocyanins tentatively identified in black currants extract were delphinidin-3-glucoside (peak 1; 19 %; [M] + at m / z 465), delphinidin-3-rutinoside (peak 2; 41 %; [M] + at m / z 611), cyanidin-3-glucoside (peak 3; 7 %), and cyanidin-3-rutinoside (peak 4; 32 %). Our results are in agreement with other studies that have reported the same major anthocyanins in black currants. [16, [49] [50] [51] In red currants extract, the major anthocyanins tentatively identified were cyanidin-3-sambubioside (peak 3; 29 %; [M] + at m / z 581), cyanidin-3-xylosylrutinoside (peak 4; 55 %; [M] + at m / z 727), and cyanidin-3-rutinoside (peak 5; 15 %) in accordance with Borges et al. [51] The results regarding the contents of monomeric anthocyanins (AC) and total phenolics content (TPC) in the selected fruits varies considerably. Significant differences in anthocyanins content between fruits extracts were recorded (p < 0.05). The monomeric anthocyanins content in the fruits extracts expressed as cyanidin-3-glucoside ranged from 68 ± 0.2 mg L -1 to 4976 ± 22.6 mg L -1 ( Table 2 ). The highest content of monomeric anthocyanins was found in the elderberry extract (4976 ± 22.6) followed by black currant extract (4864 ± 3.2 mg L -1 ) and bilberry extract (3286 ± 3.9 mg L -1 ), whereas the anthocyanin content in strawberry (387 ± 0.9 mg L -1 ), raspberry (107 ± 0.0 mg L -1 ) and red currant extracts (68 ± 0.2 mg L -1 ) were significantly lower. High content of anthocyanins in elderberry compared to other fruits was also reported by other authors. [35, 52] Total phenolics content in selected fruits extracts varied from 961 ± 6.6 mg GAE L -1 to 7735 ± 37.3 mg GAE L -1 ( Table 2 ). Significantly higher content of total phenolics was observed for elderberry (7735 ± 37.3 mg GAE L -1 ) and black currant (6241 ± 56.2 mg GAE L -1 ) extracts. Red currant extract shows the lowest content of total phenolics (961 ± 6.6 mg GAE L -1 ), as was also previously reported by other authors. [53] Our results showed that most of the studied fruits but especially elderberries, black currants and bilberry are good sources of phenolic compounds including anthocyanins. Anthocyanins were the predominant phenolic subgroup in black currant, bilberry and elderberry extract, their proportion of total phenols content exceeding 60 %. In order to evaluate antioxidant activity of the selected fruits extracts three classical methods (DPPH, ABTS and FRAP) based on reaction between antioxidants and a chromogen compound were chosen. We also tried to use an electrochemical method, cyclic voltammetry, for estimation of overall reducing capacity of fruits extracts.
Overall, the values obtained for antioxidant activities by ABTS and FRAP assays for studied fruit extracts are relatively close, while the results obtained by DPPH assay are generally much lower with one exception: red currant extract (Table 2) . Although values obtained for antioxidant activity by the three classical methods are different, however it can be observed the same general tendency. Therefore, the following order of antioxidant activities of the fruits extracts was established: elderberry > black currant > Table 2 . Identification of anthocyanins form studied fruits extracts.
Antioxidant activity / mmol L -1 Trolox Eq.
DPPH ABTS FRAP
bilberries > blackberries > strawberry > mulberry > raspberry > red currants, based on DPPH and ABTS assays. By FRAP assay the order of antioxidant activity is almost the same, only mulberry and strawberry are inversely ordered. Among the selected fruits, elderberries are distinguished by an exceptional antioxidant activity (31.7 ± 0.7, 74.0 ± 2.1 and 63.1 ± 0.7 mmol L -1 Trolox eq. as determined by the DPPH, ABTS, and FRAP assay, respectively), followed by black currant extract (22.6 ± 0.3, 67.3 ± 2.5 and 58.1 ± 0.7 mmol L -1 Trolox eq. as determined by the DPPH, ABTS, and FRAP assay, respectively). Our results are in agreement with other studies indicating black currants and elderberries as having strong antioxidant activities. [16, 35] However, both antioxidant activities and the content of anthocyanins and total phenolics of fruits may be influenced by degree of ripeness, cultivars, climate or growing condition, [54] [55] [56] so the results reported by various authors can be quite different.
The relationships between the antioxidant activities evaluated by DPPH, ABTS, and FRAP and the content of monomeric anthocyanins and total phenolics are shown in Figure 2 and Figure 3 , respectively. Good correlation were obtained between antioxidant activities and total phenolics content, determination coefficients (R 2 ) were greater than 0.95 indicating that phenolic compounds play a major role on the antioxidant capacities of selected fruits extracts. Lower values for determination coefficients were obtained for antioxidant activity versus anthocyanins content (R 2 > 0.8773). Antioxidant activities evaluated by FRAP assay are better correlated with total phenolics content (R 2 = 0.9825) and anthocyanin content (R 2 = 0.9753) than the other two methods. The electrochemical behavior of the fruits extracts was investigated using a glassy carbon electrode (GCE) in NaClO4 0.1M in methanol (pH 3) as supporting electrolyte. Glassy carbon is considered an excellent electrode material for the study of natural antioxidants. [57] The reducing capacity of a sample can be analyzed by three parameters: the oxidation potentials characterized by E1/2 value, the anodic peak current (Ia) and the area under the anodic wave (Sa). E1/2 reflects the specific reducing power of a component or more components with similar potential, while Ia and Sa are related to the concentration of antioxidants. [58, 59] The cyclic voltammograms ( Figure 4 ) were recorded at the scan rate 500 mV s -1 , in the range 0-1400 mV. In order to highlight the oxidation processes more clearly, [21] the cyclic voltammograms of supporting electrolyte were subtracted from the cyclic voltammograms of the extracts (Figure 4) . The cyclic voltammograms shapes are quite different from one fruit extract to another and display many oxidation peaks. Reducing capacity of selected fruits extracts was assessed based on the half-peak potential (E1/2) of the first oxidation peak and on the area under anodic curve (Table 3 ). The position of anodic peaks in the voltammograms suggests the antioxidant ability; peaks at lower potential mean a higher antioxidant capacity. [58] The reducing capacities of the studied extracts based on the values of E1/2 for voltammetric curves recorded in NaClO4 0.1 M in methanol decrease in the following order: elderberry > black currant > mulberry > blackberry > strawberry > red currants > raspberry > bilberry. The results obtained by cyclic voltammetry are very different from those obtained by conventional analytical methods for determining the antioxidant activity. There is no correlation between oxidation potentials characterized by E1/2 value and antioxidant activities evaluated by the three classical methods, determination coefficients R 2 ranging from 0.2565 to 0.3833. There are several studies carried out on pure compounds that have shown that oxidation potential is highly dependent on phenolic compound structure and there is a correlation between oxidation potential and antioxidant activity measured by a classical method. [60] [61] [62] But in our case, that of complex mixtures, this approach to assess the reducing ability of the extracts based on E1/2 value of the first oxidation peak has proven to be inappropriate. According to other researchers, [63] the area under the anodic curves (Sa) can express better the total reducing power of complex mixtures of antioxidant compounds like plant extracts. Each peak of anodic curve reflects a component or a combination of components that donate electrons at about the same potential. In order to achieve a proper correlation of electrochemical results with antioxidant activities determined by classical methods (DPPH, ABTS, and FRAP), we converted the area under the anodic curves (Sa) to Trolox equivalents based on the calibration curve. In Figure 5 are presented the cyclic voltammograms for Trolox solution and the calibration curve representing the area under the anodic curve versus concentration of Trolox solution.
For all extracts we expressed the total electrochemical reducing power (TERP) as mmol L -1 Trolox equivalents. The reducing capacities of the studied extracts based on the values of Sa decrease in the following order: black currant > elderberry > bilberry > blackberry > mulberry > strawberry > raspberry > red currants. The results obtained by cyclic voltammetry related to Sa are a little different from those obtained by conventional methods but neither chemical methods, nor electrochemical methods provide absolute results. However, good correlation for TERP versus total phenolics content (R 2 = 0.9552) and TERP versus anthocyanin content (R 2 = 0.9625) were obtained. Also, good correlations (R 2 ranging from 0.8823 to 0.9798) were observed between the results regarding antioxidant capacity assessed by cyclic voltammetry (Sa) and those obtained through the three conventional assays (Figure 6 ). Cyclic voltammetry proved to be a rapid and simple technique to evaluate the antioxidant properties of natural extracts with complex composition.
CONCLUSIONS
In this study eight selected fruits were examined for their antioxidant properties, anthocyanins and total phenolics content. The results showed that the anthocyanin content and composition, total phenolics content and antioxidant activities of the selected fruits varied considerably. Some of analyzed fruits native from Banat County, Romania such as elderberry, black currants or bilberry are extremely rich sources of anthocyanins and other phenolic compounds and also possess great antioxidant activities. This work brings together two types of methods (chemical and electrochemical) in order to characterize the antioxidant abilities of some indigenous fruit extracts. Despite the fact that the fruits belong to different botanical families, very good correlations were obtained especially between total phenolics content and antioxidant activity estimated by classical chemical methods (DPPH, ABTS, FRAP). Also, the evaluation of total electrochemical reducing power (TERP) of fruit extracts through cyclic voltammetry based on the area under the anodic curves led to surprisingly good results. The results obtained in this work are encouraging for evaluation of antioxidant activity of complex mixtures of natural antioxidants by cyclic voltammetry. Compared to conventional methods, this technique is simple, fast, inexpensive and reliable for colored samples. 
